On the basis of a comparison of the shunt diagnoses in 73 radiocardioangiographic examinations with those from cardiac catheterization supplemented by operation and/or autopsy findings, it is shown that an intravenous injection of 99mtechnetium pertechnetate with subsequent evaluation using a scintillation camera and computerized regional time-activity curves is very accurate for the qualitative diagnosis of both left-to-right and right-to-left shunts down to the order of 1.2:1. The advantages of the method are: (1) it is quick (5-10 min for the patient, 20-30 min for the further processing and evaluation); (2) it is safe (extremely low radiation exposure enabling repeated examinations); (3) it is effortless for the patient (thus well suited for use in critically ill patients); and (4) The purpose of our investigation was to evaluate the accuracy of the radiocardioangiography (RCG) in the qualitative diagnosis of both left-to-right and right-to-left shunts in children in order to determine the value of this procedure as a precatheterization screening method and as a means of follow-up examination, i.e. as a method of postoperative evaluation. Thus, the results from the isotopic
THE DEVELOPMENT of the Anger scintillation camera' combined with the introduction of g9mtechnetium pertechnetate as a relatively safe radioisotope has opened a new field of investigation in pediatric cardiology. Since 1968 when Mason et al.2 first used the Anger camera for the registration of the selective intracardiac injection of 99mTc during heart catheterization, several authors have reported similar examinations although only a few have been done in children using an intravenous injection. [3] [4] [5] [6] [7] [8] [9] [10] The purpose of our investigation was to evaluate the accuracy of the radiocardioangiography (RCG) in the qualitative diagnosis of both left-to-right and right-to-left shunts in children in order to determine the value of this procedure as a precatheterization screening method and as a means of follow-up examination, i.e. as a method of postoperative evaluation. Thus, the results from the isotopic examinations were compared with those from cardiac catheterization supplemented by operation and/or autopsy data.
Material and Methods

Patients
Between November, 1970, and May, 1972, a total of 73 isotopic examinations in 66 children was performed. The ages ranged from 2 days to 14 9/12 years with an average of 4 4/12 years, 23 of whom were under the age of 1 year, seven under the age of 1 month. Thirtytwo were girls and 41 were boys. The time interval between catheterization (or operation, or autopsy) and RCG varied from 1 day to 3i2 months, averaging 8.8 days, with 60 of the examinations within less than 8 days of each other. The spectrum of cardiac diagnosis in these children is seen in table 1 and covers all the common congenital cardiac lesions.
Reference Diagnosis
The reference shunt diagnosis was based on cardiac catheterization in 72 patients (in one patient with an isolated patent ductus arteriosus, cardiac catheterization was not done, and the reference diagnosis is based on the operative findings). During catheterization the shunts were confirmed by oxygen saturation changes, dye-dilution curves, selective angiography, and/or catheter passage. The catheterization data were supplemented or corrected in 50 patients by the operative findings and in 10 patients by the autopsy findings. We figure   2 (middle row). The phases are well demonstrated in a 7-year-old patient in figure 3 . When there is a left-to-right shunt, the lung in the fourth phase is again filled with radioactivity together with the abdominal aorta. This is presented schematically in the bottom row of figure 2 and seen in a patient study in figure 4 .
Analysis of the Time-Activity Curves. Figure 5 (middle) shows schematically the four types of curves found over the four different areas when no shunt is present. Figure 3 The complete scintidemonstration of the present or not. In five patients no evaluation was possible because of a protracted injection; in 28 cases no evaluation was possible because of a concomitant moderate or large right-to-left shunt which alters the lung and aortic curves in such a way that our criteria for the diagnosis of a left-toright shunt cannot be used. The reference diagnoses were divided into the following groups: (1) left-toright shunt in presence of no or only a small right-to-left shunt; (2) no left-to-right shunt; (3) left-to-right shunt in presence of a moderate-tolarge right-to-left shunt.
In five instances the catheterization diagnosis was not decisive and no comparison was possible. Figure 3 (M.B., 7-year-old boy, 5-9-72; same patient as in fig. 1.) 
Evaluation of Right-to-Left Shunts
All RCG results were also analyzed for the presence of a right-to-left shunt using the following criteria.
Analysis of the Scintiphoto Series. In the presence of a right-to-left shunt, the activity in the abdominal aorta is seen in the second phase, i.e. together with the filling phase of the pulmonary artery. In addition, the intensity of the radioactivity over the lung periphery is less than normal; this is particularly marked in patients with an appreciable hypoperfusion of the lung. A right-to-left shunt is seen schematically in figure 2 (upper row); figure 6 presents the study in a 2-day-old infant with transposition of great arteries.
Analysis of the Time-Activity Curves. As is seen in figure 5 shunt is the early appearance of activity in the abdominal aorta; the time difference between the appearance of the activity in the lung area and in the abdominal aorta region is always markedly decreased, separating clearly the group with shunts from that without shunts, as seen in figure 7 . As a result of a moderate-to-large right-to-left shunt, the time-activity curve over the lung periphery will show only a small or even absent initial peak as an indication of the reduced perfusion. Figure 6 gives such an example. The evaluation of the appearance time of the activity is valid even with a somewhat protracted injection. All 73 examinations were analyzed for the presence of a right-to-left shunt. In one case no evaluation was possible because of an injection into a leg vein. The remaining 72 cases could be evaluated independently of a concomitant left-toright shunt. As reference the 73 patients were divided into three groups: (1) constant, obligatory right-to-left shunt; (2) inconstant, facultative rightto-left shunt (i.e. in cases of ASD, VSD with pulmonary hypertension, or PA band); and (3) no right-to-left shunt. Table 3 shows the summary of the results. Here one can see that in the group with an obligatory right-to-left shunt the RCG gave the "correct" answer in 100% of the cases, the smallest shunt being in the order of 1.2:1 during catheterization. In the group with the facultative shunts there was a 50% correlation, which was to be expected statistically and expresses a very good correlation. "No shunt" was correctly diagnosed in 90% of 23 cases, showing again that the distinction between no shunt and a very small shunt cannot be made with 100% accuracy; however, the evaluation of patients with a very small right-to-left shunt is more accurate than that of patients with a very small leftto-right shunt.
Again the time-activity curves proved to be more reliable than the scintiphoto series and demonstrated even the very small shunts. As with the leftto-right shunts, no attempt was made to make a quantitative determination of the size of the shunt. In addition, no attempt was made to distinguish between anatomic lesions, the only exception being the combination of a hypervascularity of the lungs in the X-rays with a large right-to-left shunt and a clear-cut hypoperfusion of the lung in the RCG as very suggestive of a transposition of the great arteries.
Discussion
The RCG has its merits as a safe, quick, and easy method for the diagnosis of cardiac shunts in children with questionable heart defects, in extremely ill patients, or for repeated follow-up studies of cardiac patients, which avoids arterial puncture or venous catheterization. The use of the Anger scintillation camera and/or the computer analysis of regional radioactivity has been well documented in previous publications.2 6, 10 The use of 99mtechnetium and especially its low radiation exposure has also been discussed thoroughly by other authors.3,6 11 The general value of a scintiphoto Table 2 Correlation of Left-to-right Shunt No left-to-right shunt (N = 9) In giving criteria for the evaluation of shunts we have tried to be as simple and clear as possible, while attempting to avoid a subjective interpretation. The excellent correlation with catheterization data in both left-to-right and right-to-left shunts down to those as small as 1.2:1 proves the validity of the method. The scintiphoto series allows the diagnosis of moderate and large shunts, while the time-activity curves give accurate information in smaller shunts. In excluding a very small shunt (<1.2:1), especially in the case of left-to-right shunts, no completely accurate diagnosis is possible. This is in contrast to the accuracy reported by Hagan et al.6 using the C2/C1 ratio. However, even by using this ratio we were not able to improve our results: while a low C2/C1 ratio proved the absence of a shunt, we found high ratios when no shunt was present in patients with a hypoperfusion of the lung due to a right-to-left shunt and in patients with prolonged pulmonary circulation time due to cardiac failure. In these cases our criteria of looking for a second peak in the lung curve coming simultaneously with the appearance of activity in the aortic curve seemed to be more reliable. However 
